Background: Although the variant lineages of human papillomavirus (HPV) types 16 and 18 are well established, their individual associations with high-grade cervical intraepithelial neoplasia (CIN) have not been extensively evaluated. Methods: Study subjects were women participating in the Atypical Squamous Cells of Undetermined Significance/ Low-Grade Squamous Intraepithelial Lesion Triage Study who were positive for HPV16 or HPV18 at enrollment. These women were followed every 6 months for 2 years. Viral isolates from enrollment samples were characterized by DNA sequencing and classified as variant lineages. Results: Over a 2-year study period, CIN3 was histologically diagnosed in 291 of the 779 HPV16-positive women and 47 of the 275 HPV18-positive women. Among women without CIN2-3 at enrollment, the risk of subsequent CIN3 was 2.7-fold greater for those with HPV16 African-2 [95% confidence
Introduction
There are substantial data (1) (2) (3) (4) showing a variety of natural variants for any given type of human papillomavirus (HPV). These variants are generally classified and named according to their geographic relatedness (5) (6) (7) (8) . Interest in HPV variants is growing rapidly, as increasing evidence suggests that HPV variants may differ biologically and etiologically (9) .
Thus far, studies on clinical relevance have focused mainly on the variants of HPV16, the type that confers the highest risk of cervical cancer (10) and also the type most commonly detected in women with normal cervical cytology (11) . A classification of the variants on the basis of the presence of a single nucleotide alteration usually yielded inconsistent findings (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . Although data from studies comparing European (prototype-like) with non-European (non -prototype-like) variants have been relatively consistent, with non-European variants being associated with an increased risk of cervical lesions (24) (25) (26) (27) (28) , a lack of association has also been reported (29) (30) (31) . The majority of these studies, however, were crosssectional in design, with a limited ability to adequately capture the variant-related outcomes of interest. Although a few longitudinal studies have been reported (23) (24) (25) (26) 29) , the findings were limited by small sample sizes. Moreover, in many instances, it was not possible to distinguish the risk differences between the non-European lineages.
Much less is known about the clinical relevance of the variants of HPV18, although it is the second most common HPV infection detected in cervical cancer specimens (10) and is the type most strongly associated with adenocarcinoma of the cervix (31) (32) (33) . Limited data suggest that certain HPV18 variants are more likely to be detected in adenocarcinomas and others in squamous cell carcinomas (34) (35) (36) . In addition, an unbalanced variant distribution, although not statistically significant, was noted between women with and without cervical cancer (37) . A recent cohort study (25) showed a tendency for an increased risk of high-grade cytologic abnormalities associated with non-European, compared with European, variants. However, it was not possible to dissect the independent role of HPV18 variants because the risks were assessed for either the grouped HPV16 and HPV18 variants or the HPV16 variants alone.
Data from a recent study have shown a race-associated difference in persistence of HPV16 and HPV18 variants, with European variants more likely to persist in White women and African variants more likely to persist in African American women (38) . Because persistent infection with oncogenic HPV types is a significant biomarker for cervical diseases (39) (40) (41) (42) (43) , a potential effect of race on the variant-related risk of cervical lesions deserves consideration.
In the present study, we examined the associations of risks of high-grade cervical intraepithelial neoplasia (CIN) with individual lineages of HPV16 and HPV18 variants in a large number of women participating in the Atypical Squamous Cells of Undetermined Significance (ASCUS)/Low-Grade Squamous Intraepithelial Lesion (LSIL) Triage Study. By stratifying study subjects on race, we further evaluated effects of race on the variant-related disease risk.
Materials and Methods
Study Subjects. Study subjects were women who participated in the ASCUS/LSIL Triage Study (ALTS), a multicenter randomized clinical trial designed to evaluate strategies for triaging women with mildly abnormal Pap smears. Details on the design and study population of the ALTS trial have been described elsewhere (44, 45) . Briefly, at enrollment, participants were randomly assigned into one of three management arms: immediate colposcopy, HPV triage, and conservative management. All of the participants underwent an entry procedure that included an interview, Pap smear, and collection of a cervical sample for HPV testing. Additionally, colposcopic examination with colposcopically directed biopsy of visible lesions was done for all women in the immediate colposcopy arm, those with high-risk HPV types in the HPV triage arm, and those with a cytologic diagnosis of high-grade squamous intraepithelial lesion (HSIL) in the conservative management arm. Regardless of the study arm, participants were followed at 6-month intervals for 2 years with cervical cytology and HPV testing. Women were re-referred for colposcopy and biopsy if cytologic evidence of HSIL was found during follow-up. At exit, participants were required to undergo an exit procedure, including cervical cytology, HPV testing, and colposcopic examination, with biopsy of any visible lesions. The institutional review board at National Cancer Institute and each of the four clinical sites involved in the trial approved the study protocol.
ALTS participants were eligible for the present study if they had HPV16 and/or HPV18 DNA detected by PCR-based reverse line strip assay in their enrollment cervical samples. In total, 1,114 women were identified, including 784 positive for HPV16 alone, 268 positive for HPV18 alone, and 62 positive for both. In the following analyses, a woman would be double counted if both HPV16 and HPV18 DNAs were detected in her cervical sample. We excluded 103 women [50 (5.9%) with HPV16 and 53 (16.1%) with HPV18] from the study because of failure to PCR-generate target fragments for DNA sequencing, leaving 796 HPV16-positive and 277 HPV18-positive women in analyses. Compared with women with HPV16 infections who were included in the study, those who were excluded were less likely to have a diagnosis of CIN3 and more likely to be z30 years of age, of African American descent, and currently using hormonal contraceptives; however, no substantial differences were observed with respect to lifetime number of sex partners, number of Pap tests in the past 5 years, referral cytology, or smoking status (data not shown). Among women with HPV18 infections, those who were excluded from the study did not differ significantly from those who remained in the study with respect to CIN3 occurrence, age at enrollment, self-reported race, use of hormonal contraceptives, lifetime number of sex partners, referral cytology, or number of annual Pap tests in the last 5 years (data not shown).
Clinical End Point. In ALTS, cervical cytology and histology were initially diagnosed by the clinical center pathologists and then reviewed by a panel of expert pathologists for quality control and safety monitoring. The main outcome of interest was first episode of CIN3 (unless otherwise specified) histologically confirmed by the panel of expert pathologists. For women with more than one diagnosis at a single visit, the most severe one was used as the final diagnosis.
Of the 796 women with HPV16 infections, 685 (86.1%) had at least one histologic diagnosis by the panel of expert pathologists. Seventy-six of the 111 women without such a diagnosis had at least one histologic evaluation by the clinical center pathologists; all of them had normal histology. Cytologic diagnoses by the panel of expert pathologists were available for the remaining 35 women, including 7 with normal cytology, 11 with ASCUS, 12 with LSIL, and 5 with HSIL. Of the 277 women with HPV18 infection, 229 (82.7%) had at least one histologic diagnosis by the panel of expert pathologists. Thirty of the 48 women without such a diagnosis had at least one histologic evaluation by the clinical center pathologists; all of them had normal histology. Cytologic evaluation by the panel of expert pathologists was available for the remaining 18 women, including 5 with normal cytology, 2 with ASCUS, 9 with LSIL, and 2 with HSIL. None of the 7 women with HSIL (5 with HPV16 and 2 with HPV18) provided follow-up visits. In analyses of the risk association, these seven women were excluded and the remaining ones (106 with HPV16 and 46 with HPV18) were treated as not having CIN2-3.
Similar results were obtained when the diagnoses by the clinical center pathologists were used as the clinical end points. For simplicity, these results are not presented.
Characterization of HPV16 and HPV18 Variants. The protocol for characterization of HPV16/HPV18 variants by sequencing of PCR products has been described previously (38) . Briefly, fragments of the target genes of HPV16 (751 bp, from nucleotide position 7,723-567) and HPV18 (956 bp, from nucleotide position 7,489-587), corresponding to the 3 ¶ part of the long control region and the entire E6 region, were PCRgenerated, gel-isolated, and then purified with a QIAEX II gel extraction kit (Qiagen, Valencia, CA). Then, sequence variation was determined from both directions using a BigDye Terminator Cycle Sequencing kit according to the protocol of the manufacturer (Applied Biosystems, Foster City, CA). A viral isolate was defined as a distinct variant if one or more nucleotide alterations (relative to the prototype and other isolates) were detected in the region analyzed. According to the lineages categorized previously (5-8), HPV16 variants were classified as European, Asian, Asian American, African-1, African-2, and North American variants; HPV18 variants were classified as European, Asian American, and African variants.
Statistical Analyses. Unconditional logistic regression (46) was used to examine risk of the 2-year prevalence associated with HPV16 or HPV18 variants. The prevalent event was defined as histologically confirmed CIN3 (or zCIN2) detected at any time during the study period. For women with more than one CIN3 diagnosis, only the first episode was counted. The odds ratios (OR) with 95% confidence intervals (95% CI) associating risk of CIN3 with the variants were adjusted for study arm (the immediate colposcopy, HPV triage, or conservative management), self-reported race (White, African American, or American Indian/Alaskan/Asian/Pacific Islander), and age (18-19, 20-24, 25-29, or z30 years), current use of hormonal contraceptives (yes or no), and current smoking status (yes or no) at enrollment. A selection of these variables as covariates was based on their possible relations to variant exposure and disease outcome and on our previous findings of race-related variant distribution (38) .
Among women without histologically confirmed CIN2-3 at enrollment, Cox proportional hazard regression analysis (47) was done to examine the relative risk (RR) of developing CIN3 by baseline detection of HPV16 or HPV18 variants. In this analysis, time to event was measured from the date of study entry to the onset of CIN3. The onset of event was defined as the midpoint between the visit at which the CIN3 was initially diagnosed and the most recent preceding visit. Women who did not develop CIN3 were censored at their last visit date. In addition to the time-fixed covariates described above for the analyses of risk of prevalence, we also included HPV16 or HPV18 status at the beginning of each of the 6-month intervals Cancer Epidemiology, Biomarkers & Prevention 5 as a time-dependent variable. To assess potential effects of the study arm -related missed or delayed diagnoses of prevalent CIN3 on estimates of risk by HPV16 variants, separate longitudinal analyses were done in the women who were enrolled in the immediate colposcopy and HPV triage arms and in the women who were enrolled in the conservative management arm.
A one-way ANOVA test was used to estimate differences in the mean length of follow-up by HPV16 and HPV18 variants. A m 2 test, or Fisher's exact test when appropriate, was used to compare characteristics of the study subjects across HPV16 and HPV18 variants, and the 2-year prevalence of CIN3 by HPV16 and HPV18 variants and racial groups. All statistical tests were at the 5% two-sided significance level.
Results
HPV16 variants were evaluated in samples from 796 women, with HPV16 European, Asian, North American, Asian American, African-1, and African-2 variants detected in 654 (82.1%), 6 (0.8%), 6 (0.8%), 61 (7.7%), 36 (4.5%), and 33 (4.1%) samples, respectively. Because the number of infections with Asian or North American variants was so small (only six for each), these variants were excluded from the following analyses. As shown in Table 1 , >50% of the women with HPV16 European or Asian American variants reported currently using hormonal contraceptives, compared with <40% of women with African-1 or African-2 variants (P = 0.02). Women with African-1 variants were less likely to be current smokers (P = 0.04). HPV18 Asian American, European, and African variants were detected in samples from 79 (28.5%), 119 (43.0%), and 79 (28.5%) women, respectively. More than 45% of the women with HPV18 Asian American and European variants reported current use of hormonal contraceptives; this proportion was 30% in women with African variants (P < 0.01). There were no appreciable differences in distribution of HPV16 or HPV18 variants by lifetime number of male sex partners, referral cytology, and number of routine Pap tests in the last 5 years.
Risk of Prevalent High-Grade CIN Associated with HPV16 and HPV18 Variants. Over a 2-year follow-up, CIN3 was histologically confirmed in 291 (37.4%) of the 779 women who had a baseline infection with HPV16 variants, including 201 first diagnosed at enrollment, 47 during follow-up, and 45 at exit. Compared with women with HPV16 European variants, the OR for the 2-year prevalence of CIN3 was 1.8 for those with HPV16 African-2 variants (95% CI, 0.9-3.8) or Asian American variants (95% CI, 1.0-3.1), after adjusting for study arm, self-reported race, and age, current use of hormonal contraceptives, and current smoking status at enrollment (Table 2) . CIN2 was histologically confirmed in 107 women. The risk associations remained similar when zCIN2 was used as the clinical end point (data not shown).
Among 275 women with HPV18 infection, CIN3 was histologically confirmed in 47 (17.1%), including 29 initially diagnosed at enrollment, 3 during follow-up, and 15 at exit. Compared with women with African variants, the OR for the 2-year prevalence of CIN3 was 1.7 (95% CI, 0.6-4.7) for women with HPV18 European variants and 2.1 (95% CI, 0.7-6.3) for women with HPV18 Asian American variants, after adjusting for study arm, self-reported race, and age, current use of hormonal contraceptives, and current smoking status at enrollment (Table 2) . CIN2 was histologically confirmed in 35 women. With zCIN2 as the end point, the adjusted ORs associated with HPV18 European and Asian American, compared with African, variants were 1.8 (95% CI, 0.8-4.2) and 2.6 (95% CI, 1.1-6.3), respectively.
The mean (FSD) lengths of follow-up were 21.3 (F8.2), 20.6 (F8.3), 24.3 (F2.3), and 22.4 (F6.9) months for women with HPV16 European, African-1, African-2, and Asian American variants, respectively (P = 0.13); and 21.9 (F7.0), 23.3 (F5.6), and 22.5 (F7.5) months for women with HPV18 European, African, and Asian American variants, respectively (P = 0.37). To account for the effect of the length of follow-up on the risk of cervical neoplasia, we further examined the risk association using Cox regression analyses.
Risk for High-Grade CIN Subsequent to Baseline Detection of HPV16 and HPV18 Variants. To examine risk for developing CIN3 subsequent to baseline detection of Table 1 . Distribution of HPV16 and HPV18 variants by characteristics of the study subjects 
4-5.4).
For the evaluation of risk for developing CIN3 subsequent to baseline detection of HPV18 variants, we excluded 47 women who had CIN2-3 at enrollment and 11 women who did not provide any follow-up visits, leaving 219 in the analysis. CIN3 was histologically confirmed in 18 (8.2%) of these women. Relative to women with HPV18 African variants, the risk of developing CIN3 was 3.8-fold greater for those with European variants (95% CI, 0.9-17.2) and 4.8-fold greater for those with Asian American variants (95% CI, 1.0-23.6; Table 3 ). Seventeen women developed CIN2 during follow-up. With zCIN2 as the end point, the adjusted RR associated with HPV18 European and Asian American, compared with African, variants was 2.8 (95% CI, 1.0-8.1) and 3.5 (95% CI, 1.1-10.6), respectively.
The 2-Year Prevalence of CIN3 by HPV16 and HPV18
Variants, Stratified by Racial Group. Of 774 HPV16-positive women with self-reported race information and histologic evaluation, 573 (74.0%) were White, 159 (20.5%) were African American, and 42 (5.4%) were American Indian/Alaskan or Asian/Pacific Islander. As shown in Table 4 , the 2-year prevalence of CIN3 was higher in White women with HPV16 European variants than in African American women with European variants (P = 0.01); a similar trend was observed among women with African-2 variants (P = 0.07). For those with African-1 variants, however, the trend was reversed, with a prevalence of 10% seen in White women and 35% in African American women (P = 0.22).
Of 274 HPV18-positive women with self-reported race information and histologic evaluation, 167 (60.9%) were White, 96 (35.0%) were African American, and 11 (4.0%) were American Indian/Alaskan or Asian/Pacific Islander. Relative to none of the 15 White women with HPV18 African variants having a diagnosis of prevalent CIN3, CIN3 was identified in 16% of the 62 African American women with African variants (P = 0.19; Table 4 ). Among those with HPV18 European variants, however, the prevalence of CIN3 seemed to be slightly higher in White women than in African American women (20.2% versus 8.7%, P = 0.36).
There was no appreciable difference in diagnoses of prevalent CIN3 between White and African American women who were infected with either HPV16 Asian American variants or HPV18 Asian American variants. However, among 42 American Indian/Alaskan or Asian/ Pacific Islander women with HPV16 infections, CIN3 was identified in 8 (22%) of the 36 with European variants and in 3 (60%) of the 5 with Asian American variants. One Asian/ Pacific Islander woman with a HPV16 African-2 variant had a diagnosis of ASCUS. Among 11 American Indian/Alaskan or Asian/Pacific Islander women with HPV18 infections, CIN3 was identified in one (25%) of the four with Asian American variants but none of those with African (n = 2) or European (n = 5) variants.
The trend of higher 2-year prevalence of CIN3 in women with HPV16 African-2 or Asian American compared with European variants, and in those with HPV18 European or Asian American compared with African variants was generally consistent across the strata of age, current smoking status, and current use of hormonal contraceptive at enrollment (data not shown). *Excluded were seven women (five with HPV16 infection and two with HPV18 infection) who had a cytologic diagnosis of HSIL at baseline but no histologic evaluation and who did not return for follow-up. Additionally excluded were 12 women with either HPV16 Asian or North American variants. A subject was double counted if she was positive for both HPV16 and HPV18 variants. cAdjusted for study arm, self-reported race, and age, current use of hormonal contraceptives, and current smoking status at enrollment. *A subject was double counted if she was positive for both HPV16 and HPV18 variants. cAdjusted for study arm, self-reported race, and age, current use of hormonal contraceptives, and current smoking status at enrollment, in addition to a timedependent variable of detection of HPV16 DNA over time for analysis of risk by HPV16 variants and of HPV18 DNA over time for analysis of risk by HPV18 variants.
Discussion
In this study of ALTS participants who had baseline infections with HPV16 or HPV18, we found that an increased risk of high-grade CIN was associated with HPV16 African-2 and Asian American compared with European variants and with HPV18 European and Asian American compared with African variants. The associations were not explained by factors previously shown to be related to risk for cervical neoplasia, including age, race, smoking, and use of hormonal contraceptives, or by different managements of the study arms. Because characterization of the variants was done without knowledge of any clinical or epidemiologic information and cervical histology was diagnosed by the panel of expert pathologists before detection of the variants, the potential for ascertainment bias was minimized. It is also unlikely that the risk associations resulted from differential access to health care, because ALTS participants came from a screened population of women who were referred to the trial due to an abnormal Pap smear; in this well-controlled trial setting, all of them were examined, followed, and diagnosed according to the study protocol. Considering the insensitivity of identifying prevalent cases by only a baseline measurement, we used CIN3 histologically diagnosed at any study visit as the clinical end point in the initial analyses. This approach minimizes potential biases introduced by delayed or missed diagnoses at baseline. One concern, however, is that not all women had the same length of follow-up. If the length of follow-up had been differentially related to the variants and clinical outcomes, the risk estimates could have been biased. Thus, the cohort analysis of risk for CIN3 subsequent to the baseline infection was also done in women without zCIN2 at entry. Further, we are aware that in the cohort analysis, a portion of follow-up diagnoses of high-grade CIN was actually missed prevalent cases. If these cases were differentially related to the variants, biases could have occurred. Although we were unable to distinguish CIN3 cases missed at baseline from those that truly developed during follow-up, conducting separate analyses among women in the immediate colposcopy and HPV triage arms and among women in the conservative management arm allowed us to compare the subsequent risks between those who underwent colposcopy and biopsy at enrollment and those who did so only if cytologic evidence of HSIL was detected. The consistency between the prevalent and subsequent risks associated with HPV16 and HPV18 variants supports the hypothesis that the variants differ in their oncogenic potentials.
The reduced oncogenic potential associated with HPV16 European variants has been reported previously from several case-control (27, 28) and longitudinal studies (24) (25) (26) . In these studies, however, all non-European lineages were usually lumped due to a small number of infections. The present study not only provides powerful confirmation of the risk association because of its large sample size but also extends previous findings by showing that, specifically, the African-2 and Asian American variants contributed to the increased risk of CIN3. Data on the clinical relevance of HPV18 variants are very limited. Although an unbalanced distribution of HPV18 variants between women with and without cervical cancer has been reported previously, the difference was not statistically assessed (37) . To our knowledge, the present report is one of the first, if not the first, study to examine the independent effects of HPV18 variants on risk of high-grade CIN in a longitudinal setting. As shown in the results, the HPV18 Asian American lineage, also termed prototype, represented highrisk variants whereas the African lineage represented low-risk variants. It should be noted that historical classification of HPV16 European and HPV18 Asian American lineages as the prototype for these respective types was based on the preceding of viral isolation rather than knowledge of their disease risk or biological properties.
Importantly, our data further suggest race-associated differences in risk for prevalent CIN3 by certain variants. For those with HPV16 European variants, White women were more likely to have CIN3 than were African American women. For those with HPV16 African-1 variants, however, African American women tended to have a higher proportion of prevalent CIN3 diagnoses than did White women. Similar risk patterns associated with the European versus African variants by racial groups were also observed among women with HPV18 infections. Although the differences were not statistically significant (except for the risk by HPV16 European variants), the reverse risk trend in the prevalence of CIN3 associated with these variants between White and African American women underscores the role of race in defining the variant-related risk and warrants further investigation.
The underlying mechanism for the race-associated risk difference is presently unclear but it may be related to the effectiveness of the host's immune response. In our previous study of race-associated viral DNA persistence (38), we found that HPV16 and HPV18 European variants persist longer in White women and African variants persist longer in African American women. The prolonged persistence of HPV16 African variants seen in African American women was attributable to the African-1 variants. The European variants may have an advantage over African variants in evading the host immune surveillance in White women (and vice versa in African American women). Because persistent, compared with transient, infection with oncogenic HPV types increases the risk of cervical diseases (39) (40) (41) (42) , it is likely that the raceassociated difference in the risk of CIN3 between infections with HPV16 European and African-1 variants and between infections with HPV18 European and African variants may in part be explained by abilities of these variants to establish persistent infection by circumventing the host's immune responses. Although the host-variant -related immune response seems to be a plausible explanation for the risk differences between HPV16 European and African-1 variants and between HPV18 European and African variants, this theory alone would not, however, sufficiently account for the increased risk of CIN3 associated with the African-2 and Asian American variants. Although our previous analyses of viral persistence (38) indicated that the European variants were somewhat more likely than African-2 variants to persist in White women, the 2-year prevalence of CIN3 tended to be higher in White women with HPV16 African-2 variants than in White women with European variants. In addition, among White women, although the Asian American variants did not differ substantially from other variants in terms of viral persistence (data not shown), the increased risk of high-grade CIN seemed to be related to infection with HPV16 and HPV18 Asian American variants compared with HPV16 European and HPV18 African variants, respectively. Clearly, other attributes of the variants may also play a role in defining the risk of CIN3.
Indeed, the variable oncogenic potentials of HPV16 and HPV18 variants are suggested by in vitro studies showing that the variants differ in their abilities to induce p53 degradation, keratinocyte differentiation, and the E2-related transcription (48, 49) and that the Asian American, compared with the European, variants carry strong promoter activities that drive transcription of E6/E7 oncogenes (50, 51) . In agreement with this, HPV18 Asian American, compared with African, variants presented an increased ability of inducing tumor formation in vivo (50) . It is possible that some nucleotide alterations may directly alter the oncogenic potentials of the variants and may be responsible for the observed risk differences. We are aware that, although tempting, speculation of function-related nucleotide alterations is beyond the scope of the present study because the sequence variation identified in this study also reflects cosegregation of alterations in other regions. Nevertheless, the findings from this study help to tag a group of variants that confer an increased risk of CIN3.
Last, we noted a marginally significant difference in the 2-year prevalence of CIN3 between White and African American women who were infected with HPV16 African-2 variants, although a likelihood of persistence of the African-2 variants was similar between these women (38) . The reason for this is presently unclear. We hypothesize that raceassociated cellular proteins other than those related to immune presentation may interact differently with the African-2 variants in HPV-involved pathogenesis. We are still far from understanding the behavior of the variants in vivo, which is much more complicated than the situation in vitro because of viral-host and viral gene-gene interactions.
Several limitations of the study should be addressed. Although this study included the largest number of HPV16 and HPV18 infections to date, the numbers of study subjects (and clinical events) in some racial strata were quite small, particularly for White women with African variants and African American women with Asian American variants. Thus, the findings of race-specific risks by HPV16 and HPV18 variants should be interpreted with great caution. Also, the present study included a large number of CIN3 cases initially detected at enrollment. Although there is no a priori reason to believe that the presence of disease could itself make particular variants be more detectable, bias could be introduced if certain variants were associated with persistence of cervical lesions. Although this cannot be ruled out, the consistency between the prevalent and subsequent risks associated with HPV16 and HPV18 variants strongly argues against this possibility. Finally, the 2-year follow-up period may not have been sufficient to fully examine the late effects of these infections. Presently, however, there are no data to suggest differences between the short-and long-term risks by HPV16 or HPV18 variants.
In summary, our data showed that the increased risk of high-grade CIN was associated with HPV16 African-2 and Asian American variants compared with European variants and with HPV18 European and Asian American variants compared with African variants. Host-variant -related viral persistence and/or changes to the biological properties of the virus due to certain nucleotide alterations may explain the risk association.
